Introduction
============

Corrosive substances are those that cause destruction or damage to living tissue on contact, and may usually be grouped into acids or alkalis ([@B1]). Although children under the age of 5 years account for more than 80 percent of corrosive ingestion, and although almost all ingestions are accidental, in adults a suicide attempt or gesture is the usual explanation for the ingestion of a corrosive substance ([@B2]).

Caustic ingestion can result in a number of injuries ranging in severity from minimal mucosal erythema to transmural necrosis of the esophagus and stomach with viscous perforation ([@B3]). After recovery from the initial injury, esophageal stricture may develop. This complication is the most important complication of corrosive damage to the esophagus ([@B3],[@B4]) and, despite good initial management, approximately 5--12% of patients who ingest caustic substances develop esophageal stricture ([@B5],[@B6]).

The mainstay of treatment of established stricture has been graded dilatation at intervals of 10--14 days for 6 to 12 months after the initial insult or until fibrosis is no longer progressive ([@B7]).

Therapeutic dilatation should be commenced immediately if the presence of a stricture is confirmed. A strong predictor of poor outcome is time delay from ingestion to commencement of dilatation.

When repetitive dilatation fails to relieve symptoms or in cases where the patient refuses to undergo repeated dilatations, more aggressive techniques are indicated to reconstruct the conduit from the hypo- pharynx to the stomach ([@B3],[@B8]).

Surgical treatment is divided into emergency procedures and delayed reconstruction ([@B4]). Emergency surgery is indicated for hemorrhage, free perforation or peritonitis ([@B9]).

Over the past 18 years we have treated 14 adult patients who have ingested caustic agents. This report assesses our methods of handling patients referred to our centers (Ghaem and Omid hospitals Mashhad University of Medical Sciences) who have sustained caustic injuries to the upper gastrointestinal tract and development of stricture formation.

Materials and Methods
=====================

During an 18-year period from November 1993 to March 2011, 14 adults with clinical evidence of corrosive ingestion were treated at our institutions.

All patients suffering serious caustic ingestion were hospitalized and received intravenous fluid, antibiotics and corticosteroids. Endoscopic evaluation was performed to evaluate the extent of injury.

Emergency surgery was performed if extensive gastric necrosis developed. These patients underwent total gastrectomy and blunt esophagectomy without thoracotomy with left, terminal esophagostomy and a duodenal closer with feeding jejunostomy. In stricture groups, definitive surgery including substernal esophageal bypass, esophageal resection and replacement and gastroenterostomy was performed if the dilatation was not successful.

Results
=======

During the 18-year period, 14 patients (10 men and four women) with caustic ingestion were evaluated. The ages of the subjects ranged from 18 to 54 years, with an average of 26.4 years. The caustic ingestion was accidental in six patients and a suicidal attempt in eight patients.

The corrosive agents were a strong acid in 13 cases (nitric acid in four, hydrochloric acid in seven and sulfuric acid in two cases).

Liquid lye (potassium hydroxide) was responsible for only one case. The location and extent of the lesions varied, and included the esophagus in 13 cases, the stomach in seven cases, and the pharynx in three cases.

[Table 1](#T1){ref-type="table"} shows the characteristics of the patients included.

###### 

Types of operative reconstruction for corrosive injuries

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Case**   **Age /sex**   Caustic Agent       **Upper Anastomosis**                                                  **Mediastinal Route**   **Lower Anastomosis**
  ---------- -------------- ------------------- ---------------------------------------------------------------------- ----------------------- ----------------------------------------
             27/M           Sulfuric acid       Right ileohypopharyngostomy via supra hyoid approach                   Substernal              Cologastrostomy + gastrojejunostomy

  2          54/M           **Nitric acid**     Left coloesophagostomy (antiperistatic)                                Substernal              Coloesophagostomy + gastro jejunostomy

             41/M           Nitric acid         Esophagogastrectomy + left coloesophagostomy\                          Posterior               Colojejunostomy
                                                (antiperistatic)                                                                               

  4          19/F           Hydrochloric acid   Right ileohypopharyngostomy via transepigottic approach                Substernal              Cologastrostomy gastrojejunostomy

  5          16/F           Hydrochloric acid   Gastroesophagostomy (gastric pull up)                                  Posterior               \-\-\-\-\-\-\-\-\-\-\--

  6          18/M           Potassium\          Gastroesophagostomy\                                                   Posterior               \-\-\-\-\-\-\-\-\-\-\--
                            Hydroxide           (gastric pull up)                                                                              

  7          24/M           Hydrochloric acid   Right ileoesophagostomy                                                Substernal              Colojejunostomy

  8          29/M           Nitric acid         \-\-\-\-\-\-\-\-\-\--                                                  \-\-\-\-\-\-\-\-\--     Gastrojejunostomy + truncal vagotomy

  9          24/M           Hydrochloric acid   Left colohypopharyngostomy (antiperistaltic) via suprahyoid approach   Substernal              Colojejunostomy

  10         28/M           Nitric acid         Left coloesophagostomy (antiperistaltic)                               Substernal              Colojejunostomy

  11         25/M           Hydrochloric acid   Left coloesophagostomy (antiperistatic)                                Posterior               Coloesophagostomy + gastro jejunostomy

  12         18/F           Sulfuric acid       Left coloesophagostomy (antiperistatic)                                Posterior               Coloesophagostomy + gastro jejunostomy

  13         22/M           Hydrochloric acid   Left coloesophagostomy (antiperistatic)                                Posterior               Coloesophagostomy + gastro jejunostomy

  14         25/F           Hydrochloric acid   Left coloesophagostomy (antiperistatic)                                Posterior               Coloesophagostomy + gastro jejunostomy

                                                                                                                                               
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

In two cases, acute abdominal pain developed the same day after ingestion of the caustic agents and emergency surgery was performed. Because of extensive gastric necrosis in these cases, total gastrectomy and blunt esophagectomy without thoractomy was performed and a left terminal esophagostomy and a feeding jejunostomy completed the procedure. The remaining 12 patients were discharged from the hospital as soon as they could tolerate oral fluids. However, over the following days, dysphagia developed slowly and progressively and the patients returned to hospital. Feeding jejunostomy was performed 8--89 days (mean 48 days) after caustic ingestion.

Follow-up esophagograms showed severe esophageal stricture requiring the patients to be referred to an endoscopist for antegrade esophageal dilatation. In three cases, due to the long stricture of the esophagus, dilatations were not performed. However, in the remaining cases, dilatations of the esophagus were attempted over 1--3 sessions. As these attempts were unsuccessful, the patients were referred back to our center for definitive surgery. The type of definitive surgery were substernal esophageal bypass in two cases, esophageal resection and replacement of the colon in seven cases and stomach in two cases, and gastroenterostomy in one patient.

Postoperative follow-up ranged from 5--216 months (mean 53.4 months) among all patients. Two patients died of sepsis postoperatively (on Days 28 and 25, respectively).The cause of sepsis was related to leakage at the proximal anasto- motic site and mediastinitis. In the eight patients who survived, seven postoperative complications developed in five patients ([Table. 2](#T2){ref-type="table"}).

###### 

Postoperative complications after esophageal reconstruction for caustic injury

  ------------------------------------------------------------------------------------------------------------------------------------------
  **Case no.**   **Complications**                                                **Management**                               **Outcome**
  -------------- ---------------------------------------------------------------- -------------------------------------------- -------------
  1              Proximal anastomotic Stricture\                                  Bougienage(twice)\                           Good
                 Regurgitation                                                    Continued Tracheostomy tube for 3 months     

  2              Salivary fistula                                                 **Conservative**                             Good

  3              Miss pyloric caustic stenosis[\*](#TFN1){ref-type="table-fn"}\   Extracorporeal gastrojejunostomy&Internal\   Good
                 Superaglottic stricture                                          gastrojejunostomy\                           
                                                                                  Bougienage &KTP laser & Stening              

  4              Left subdiaphragmatic\                                           Surgical drainage                            Good
                 Abscess                                                                                                       

  5              Neck Anastomotic fistula                                         Conservative management                      Good
  ------------------------------------------------------------------------------------------------------------------------------------------

We missed stenosis of the pylorus due to caustic injury during initial operation

Discussion
==========

Acid causes coagulation necrosis on tissue contact and it is well known that acids tend to destroy the stomach and spare the esophagus ([@B9],[@B10]). This is because of the relative resistance of the squamous epithelium to acid damage and the short duration of contact due to the rapid transit of acid through the esophagus and pyloric spasm ([@B11]). Acid injuries more often affect the antrum of the stomach, where antral stenosis results ([@B12]). On the other hand, alkaline substances induce liquefaction necrosis, a process that leads to the dissolution of protein and collagen and frequently causes esophageal burns and stricture and only occasionally produce gastric injury ([@B2],[@B10]). Corrosive acid ingestion is rare in the West ([@B13]), where alkaline substances account for most cases of caustic ingestion ([@B11]). In contrast, acid ingestion is common in India where hydrochloric acid is readily available over-the-counter as a cheap toilet cleaner and is the most common corrosive ingested by lower socio-economic groups ([@B1]).

In our series, most caustic accidents involved acids (92.8% of cases) and the most frequently ingested agent was hydrochloric acid (50%). Contrary to the traditional belief that the esophagus is spared in acid ingestion, we found esophageal damage in eight out of 13 patients with acid ingestion (61.5%). Dailwar et al also observed esophageal involvement in 13 out of 15 patients with acid ingestion ([@B13]).

Endoscopy is the best means of assessing the extent and degree of injury as it avoids the occasional missed esophageal burn without oral injuries ([@B14],[@B15]). Endoscopy should be performed as soon as the patient's condition has stabilized and should be performed within 48 hours of the ingestion while the lumen retains its greatest strength ([@B1],[@B4]). In our study, endoscopy was performed in one patient on the same day as hospitalization, but the remaining patients underwent endoscopy at a mean time of 16.6 days after injury.

The management of corrosive injuries of the esophagus and stomach remains controversial. To date there is still no unanimity in the choice of therapy. Traditional treatment by esophagoscopy, steroids and antibiotics as well as the 'watch, wait and see' approach for possible full-thickness esophagogastric necrosis remain the mainstay of therapy. However, some practitioners have criticized this policy and advocate an aggressive surgical approach and early immediate laparotomy for patients with at least a second-degree esophageal burn as evidenced by endoscopy and use of intraluminal esophageal stenting for those with second-degree burn or third degree burn without extensive full-thickness necrosis. Immediate esophagogastric resection is recommended for those with extensive full-thickness injury. The most severe complication of esophageal dilatation is esophageal perforation, with an incidence of 1.04% per each dilatation performed. However perforation per se is not an immediate indication for esophageal bypass and patients may be successfully dilated after resolution of the leak ([@B16]).

In our series, one patient who underwent antegrade dilatation 3 months after caustic ingestion, experienced a perforation of the esophagus that was treated conservatively, and a surgical procedure was performed later successfully.

When there is extensive gastric involvement, the esophagus is nearly always necrotic or severely burned, and total gastrectomy and near total esophagectomy is necessary ([@B15]). Brune and colleagues advocated esophagectomy by pull-through technique without thoracotomy ([@B17]). Emergency blunt esophagectomy is usually easy because of the thrombosis of the periesophageal vessels and lack of adhesion to the mediastinum ([@B18]). Two patients in our study required an emergency procedure for acute abdomen and, due to extensive gastric necrosis, total gastrectomy and blunt esophagectomy was performed and a left cervical esophagostomy and a feeding jejunostomy completed the procedure. There was no mortality after emergency procedure.

A variety of different organs exist for esophageal substitution. The liberal blood supply of the stomach makes it the most reliable organ for use in the intrathoracic replacement of the esophagus ([@B19]), but in most cases the stomach is not a suitable candidate for esophageal substitute because it is usually moderately or severely injured by caustic agent ([@B20]). When all factors are considered, the order of preference for an esophageal substitute is colon, stomach, then jejunum ([@B15]). In our own series we used the colon as a substitute for the esophagus in seven cases, in contrast to the stomach which we were able to use in two cases. Gastroenterostomy was performed in one remaining case with isolated gastric injury after acid ingestion.

The main controversies in the preparation of a colon interposition are whether to use the right or left colon and the orientation (iso versus antiperistaltic) of the colon interposition. The choice depends in part on the anatomic findings in an individual patient at the time of surgery, but is largely based on the personal preference and training of the surgeon. The majority of investigative and clinical reports suggest that the interposed colon behaves primarily as an inert tube and the passage of materials through it is largely dependent upon gravity ([@B21]).

The concomitant development of a severe hypopharyngeal stricture is an infrequent yet critical complication occurring in caustic ingestion. Two cases in our study developed combined hypopharyngo- esophageal stricture, which successfully managed by dilatation and KTP laser and stenting. A study performed by Harlak et al concluded that although with high anastomotic stenosis rates, transhiatal esophagectomy with gastric replacement with cervical anastomosis is a safe procedure which can be performed for the treatment of corrosive esophageal stricture ([@B22]).

Conclusion
==========

Caustic ingestion continues to be a complex clinical challenge and is a dangerous accident. In contrast to children, a suicide attempt is the usual cause of ingestion of corrosive substance in adults.

Although alkaline substances account for most cases of caustic ingestion in Western countries, acid ingestion is more common in our society.

Contrary to the traditional belief that the esophagus is spared in acid ingestion, our study revealed that esophageal damage is common in acid ingestion. Life-threatening perforation and necrosis of the esophagogastric system are best treated by radical surgical resection and delayed reconstruction, while secondary strictures are treated with dilatation and esophageal reconstruction. When combined pharyngeal and esophageal stricture occurs, reconstruction is more difficult and the aim is not only to create a new gullet but also to supply effective respiration and phonation.
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